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DEEP HOLE STATES I N  THE MIRROR NUCLEI 2 3 ~ g  and 2 3 ~ a  
W.W. Jacobs,  S.E. Vigdor, W.P. Jones, R.E. ~ a r r s * ,  and D.W. Mil l e r  
As repor ted  previously1), t h e  mir ror  r eac t ions  FWHM) spectrograph da t a  now e x i s t s  f o r  6' 2 OL 5 24O, 
2 4 ~ g  (d, t )  3 ~ g  and " M ~  (d,  3 ~ e )  3 ~ a  have been s tudied  a t  supplanting previous ly  obtained s i l icon-detec tor  t e l e -  
Ed = 76 MeV, wi th  s p e c i a l  emphasis on t h e  region  of ex- scope da t a  and some spectrograph d a t a  of poorer qua l i t y .  
c i t a t i o n  between 8 and 12 MeV. E a r l i e r  (p ,d)2)  and Representat ive angular  d i s t r i b u t i o n s  f o r  s eve ra l  
(d, 3 ~ e )  3  r e s u l t s  suggested pronounced d iscrepancies  low-lying s ing le -pa r t i c l e  mir ror -s ta te  fragments a r e  
i n  t h e  spectrum of major l p - she l l  neutron-hole vs. proton- shown i n  f i g .  1. One n o t i c e s  a t  t h e  o u t s e t  t h e  marked 
hole  fragments. It was hoped t h a t  a comparison of t h e  s i m i l a r i t y  i n  magnitude and shape f o r  t he  corresponding 
(d, t )  and (d, 3 ~ e )  r e s u l t s  would al low u s  t o  d i s t i n g u i s h  mir ror  t r a n s i t i o n s  a t  t h i s  bombarding energy. Rela t ive  
whether t h e  previous d iscrepancies  r e f l e c t  t r u e  d i f f -  magnitudes of t h e  (d, t )  and (d, 3 ~ e )  c r o s s  s e c t i o n s  a t  
e rences  i n  t h e  s t r u c t u r e  of t h e  mir ror  n u c l e i  a t  h igh  lower bombarding energies  r e f l e c t  more s t rong ly  t h e  
exc i t a t i on ,  o r  a r i s e  i n s t ead  from d i f f e r ences  i n  reac- d e t a i l e d  Coulomb-generated d i f f e r ences  i n  t h e  t a r g e t  
t i o n  mechanism o r  mi s iden t i f i ca t ion  of peaks. bound-state wave funct ions4) .  The s i m i l a r i t y  of t h e  
Addit ional  d a t a  f o r  both (d, t )  and (d, 3 ~ e )  reac- d i s t r i b u t i o n s  observed he re  suggests  t h a t  kinematic 
t i o n s  on 2 4 ~ g  have been obtained wi th  t h e  QDDM spect ro-  cons idera t ions  may dominate t h e  observed c r o s s  s ec t ions  
graph a t  forward angles  and e x c i t a t i o n  energy Ex <, 15  and t h a t  t h e  r eac t ion  mechanism f o r  t h e  mir ror  pickup 
MeV. Thus, a complete set of high r e so lu t ion  (% 80 keV is  simple. Further evidence f o r  t h e  d i r e c t  pickup 
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n a t u r e  l ies i n  t h e  observed c h a r a c t e r i s t i c  angular  
dependence of t h e  c ros s  s ec t ion  on L-transfer a t  t he se  
forward angles.  I n i t i a l  DWBA c a l c u l a t i o n s  c o r r e c t l y  
p red i c t  t h e  r e l a t i v e  (d, t )  and (d, 3 ~ e )  c r o s s  s e c t i o n s  
and t h e  forward-angle shapes f o r  t h e  d i f f e r e n t  a- 
t r a n s f e r s ,  t h e  agreement becoming worm in  some cases  
f o r  t h e  l a r g e s t  angles  measured. 
Composite spec t r a  f o r  (d, t )  and (d, 3 ~ e )  from t h e  
spectrograph a r e  shown i n  f i g .  2 f o r  t h e  higher exci-  
t a t i o n  region.  These spec t r a  r e v e a l  a cons iderable  
fragmentat ion of s t r e n g t h  in t h e  region  % 8 - 12 MeV. 
The l a r g e s t  sharp peaks in  t h i s  r eg ion  (corresponding t o  
maximum c ros s  s ec t ions  between 0.1 and 1.0 mb/sr) appear 
t o  have mir ror  counterpar ts ,  but  wi th  s u b s t a n t i a l l y  
Fig. 1. AnguZar distr4butions for 2 4 ~ g ( d , 3 ~ e ) 2 3 ~ a  t o  g r e a t e r  s c a t t e r  (from s t a t e  t o  s t a t e )  i n  t h e  Coulomb 
low-lying rssiduaZ states .  The I d , 3 ~ e )  and ( d , t )  data 
are represented by open and closed symbots, respectivety . energy d i f f e r ences  and r e l a t i v e  s t r eng ths  than  one 
!l'he solid lines through the ( d , t )  resul ts  are guides 
t o  the eye. observes f o r  s t a t e s  below 6 MeV exc i t a t i on .  
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Fig. 2. Represetltative Id, t )  and (d, spectra from 
2 4 ~ g  at  high excitation. The spectra are composites 
of several smaller energy b i tes  taken with different 
spectrograph field settings. 
Several  s t a t e 8  of R q 1  cha rac t e r  a t  high exc i t a t -  
ion  (energies a r e  labe led  i n  f i g .  2) have been iden t i -  
f i e d  by the  s i m i l a r i t y  of t h e i r  d i s t r i b u t i o n s  t o  known 
low-lying L = l  s t a t e  shapes. These angular  d i s t r i bu -  
t i o n s  are shown i n  f i g .  3. The (d, ' ~ e )  d a t a  is sca led  
by a f a c t o r  of 0.824, which is the  average r e l a t i v e  ex- 
perimental  normalizat ion f o r  t he  2 3 ~ a ( 3  .68) and 
23Mg(3 .80) R = 1  s t a t e s  showh i n  f i g .  1. The 8.93 and 
9.66-MeV (d, t )  s t a t e s  and t h e  9.22 and 9.73-MeV (d, ' ~ e )  
s t a t e s ,  respect ive ly ,  appear a s  mirror-l ike t=1 frag- 
ments. I f  t he  23~a (11 .05 )  s t a t e  is the  s o l e  mir ror  
of 23~g(10.55) ,  i t  has  only % 70% of the strength of 
23Mg(10.55) and has  a l a r g e  r e l a t i v e  s h i f t  (1/2 MeV) 
i n  energy. The 2 3 ~ g ( 9  .04) s t a t e  has no obvious i den t i -  
f i a b l e  mirror;  t he  equa l i t y  of t he  23~g(8 .93)  and 
sca l ed  2 3 ~ a ( 9 . 2 2 )  c ross  s ec t ions ,  a s  i nd i ca t ed  i n  f i g .  
Fig. 3. An lar distributions for 2 4 ~ g f d ,  t ) 2 3 ~ g  and T 2 4 ~ g ( d ,  3 ~ e )  3 ~ a  t o high-lying a=I states. The (d, ' ~ e )  
and (d,t) data are represented by open and cZosed 
symbols respectively. The (d,  el data points are 
normalized by 0.824 as discussed i n  the tex t .  The 
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3, means t h a t  t he  2 3 ~ g ( 9 . 0 4 )  mir ror  is  probably n o t  an  
unresolved omponent of t he  'Na(9. 22) s t a t e .  Although 
prel iminary shell-model ca lcula t ions5)  p red i c t  a con- 
cen t r a t i on  of lp312-hole s t r eng th  i n  t h i s  region,  
'C.M. 
ca l cu l a t i ons  t o  da te  do not  include Coulomb e f f e c t s  i n  
t he  r e s idua l  i n t e r ac t ion .  Hence it is d i f f i c u l t  t o  
say whether t he  r e l a t i v e l y  l a r g e  observed ( s  tate-to-  
s t a t e )  s c a t t e r  i n  Coulomb-energy d i f f e r ences  and r e l a -  
t i v e  s t r eng ths  f o r  t he se  high-lying mirror-l ike s t a t e s  
(as  compared t o  p a i r s  below 6 MeV e x c i t a t i o n )  is  ano- 
malous o r  expected behavior f o r  small high-lying frag- 
ments (1. 40% of t h e  t o t a l  1 ~ 3 1 2  s ing le -pa r t i c l e  (d, 3 ~ e )  
s t r eng th  lies i n  two l a r g e  s t a t e s  below 6 MeV; see  
Krxmer e t  al-. , r e f .  3) .  It seems, however, t h a t  t he  
apparent d iscrepancies  of t he  e a r l i e r  (p,d) and ( d , 3 ~ e )  
work a r e  confirmed by the  present  da ta ,  and the re  a r e  
r e a l  d i f f e r ences  i n  these  high-lying mir ror  spec t ra .  
The remaining l a r g e  number of fragments seen i n  f i g ,  2. 
have angular  d i s t r i b u t i o n s  l a r g e l y  of  2-0 o r  R=2 
charac ter .  There a r e  a few s t a t e s ,  however i n  t h e  
(d ,  3 ~ e )  spec t r a  near  11 MeV e x c i t a t i o n  whose angular  
d i s t r i b u t i o n s  a r e  s i m i l a r  t o  R = l ,  suggest ing perhaps 
admixtures of non-direct processes  wi th  weak 8-1 comp- 
onents. Fur ther  c a r e f u l  da t a  reduct ion  and a n a l y s i s  
of these  weak s t a t e s  is continuing.  
More r ecen t ly ,  spectrograph da t a  f o r  4 0 ~ a ( d ,  t )  
3 9 ~ a  nd 4 0 ~ a ( d ,  3 ~ e )  have been obtained6) f o r  Ed = 76 
MeV i n  t he  range Ex <_ 1 2  MeV and 6O 8 <_ 240. Here 
i t  is found t h a t  t h e  r a t i o  of ( d , 3 ~ e )  t o  ( d , t )  c ross  
s ec t ions  f o r  some low-lying mir ror  s t a t e s  is  a s  l a r g e  
a s  two a t  forward angles  (decreasing r ap id ly  t o  5 20% 
di f ference  a t  t h e  l a r g e r  angles) .  Once again,  consi- 
derable fragmentation of  t h e  s t r eng th  (mainly R=2) 
appears in  t h e  high-lying region E @ 6-10 MeV. More 
s t r u c t u r e  is apparent  i n  t h e  f orward-angle Ca (d , 3 ~ e )  
vs.  (d, t )  spec t r a ,  poss ib ly  a s  a r e s u l t  of t h e  l a r g e r  
(d,  3 ~ e )  mir ror  c ross  s ec t ion .  Analysis  of t h i s  da t a  i s  
underway. 
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